RECOMMENDATIONS

Recommendation 1: There is insufficient evidence to recommend for or against screening for hereditary hemochromatosis in the general population.
There is currently insufficient evidence to determine whether the benefits of screening the general population outweigh the risks. The C282Y mutation is prevalent in certain populations, particularly white men, and treatment is not costly nor is it associated with any significant harm. Although patients homozygous for C282Y are more likely to have elevated serum ferritin level and transferrin saturation percentage, there currently is no way of predicting which patients will progress to overt disease. For clinicians who choose to screen, 1-time phenotypic screening of asymptomatic non-Hispanic white men with serum ferritin level and transferrin saturation would have the highest yield (1) .
Recommendation 2: In case-finding for hereditary hemochromatosis, serum ferritin and transferrin saturation tests should be performed.
There is no information available on risk-stratifying in patients with an associated condition or conditions such as type 2 diabetes, cardiac arrhythmias and cardiomyopathies, liver failure, hepatomegaly, cirrhosis, elevated liver enzyme levels, hepatocellular carcinoma, arthritis, hypogonadism, or changes in skin pigmentation. The initial symptoms associated with iron overload might be nonspecific, and the decision to perform tests should be based on clinical judgment regarding what may cause such protean manifestations. If testing is performed for these patients, the cutoff values for serum ferritin level of more than 200 g/L in women or more than 300 g/L in men and transferrin saturation greater than 55% may be used as criteria for case-finding; however, there is no general agreement about diagnostic criteria. Case-finding may also be considered if there is a family history of hereditary hemochromatosis for an individual, as the risk for developing the disease may be higher than that of the general population. Before genetic testing, individuals should be made aware of the benefits and risks of genetic testing. This should include discussing available treatment and its efficacy; costs involved (2); and social issues, such as impact of disease labeling, insurability and psychological well-being, and the possibility of as-yet-unknown genotypes associated with hereditary hemochromatosis.
Recommendation 4: Further research is needed to establish better diagnostic, therapeutic, and prognostic criteria for hereditary hemochromatosis.
The lack of information on the natural history of the disease makes it difficult to manage patients with heredi-
INTRODUCTION
Hereditary hemochromatosis is a genetic disorder of iron metabolism and is characterized by tissue injury resulting from an abnormal accumulation of iron in various organs. This disease is usually a consequence of an increased absorption of iron from the gastrointestinal tract, which results in increased iron deposition in tissue, particularly in the liver, heart, and pancreas. If left untreated, it can lead to organ damage, such as cirrhosis, as well as hepatocellular cancer. However, early diagnosis of hereditary hemochromatosis is difficult because of variability in the case definition and diagnostic standard used.
Diagnosis of hereditary hemochromatosis is usually based on a combination of various genetic or phenotypic criteria. Genetically, it can be based on direct DNA testing for the 2 HFE gene mutations (C282Y and H63D) associated with hereditary hemochromatosis. The mutation of C282Y in the HFE gene on chromosome 6 is present in almost 90% of those affected. Most patients are homozygous, and mutation transmission is autosomal recessive. The H63D mutation may be associated with hereditary hemochromatosis, but the actual clinical effects of this mutation are uncertain (3) . Although in a small proportion, compound heterozygotes (C282Y/H63D) can develop iron overload. Phenotypic markers of hereditary hemochromatosis may be used to identify the disease. Percentage of transferrin saturation and serum ferritin level have been used to confirm the diagnosis of hereditary hemochromatosis. Transferrin saturation determines how much iron is bound to the protein that carries iron in the blood. Serum ferritin level is elevated in patients with hereditary hemochromatosis and correlates with liver iron and development of cirrhosis. Liver biopsy to measure hepatic iron concentration by staining is considered the gold standard to test for hereditary hemochromatosis. However, with the advent of genetic testing, liver biopsy is not widely used to confirm the diagnosis. There is a consensus on the various diagnostic tests that could be used to diagnose hereditary hemochromatosis. However, the threshold levels that should be used to define the disease remain controversial. On the basis of the review of the background paper by Schmitt and colleagues (4), also in this issue, and considering that lower cutoffs are more sensitive and less specific, serum ferritin level greater than 200 g/mL and transferrin saturation greater than 55% suggest an increased risk for hereditary hemochromatosis and the need for further investigation (5) .
Hereditary hemochromatosis is the most common recessive genetic trait in white persons. However, estimating the prevalence of this disease is difficult. The purpose of this guideline is to increase physician awareness of hereditary hemochromatosis, particularly the variable penetrance of genetic mutations; aid in case finding; and explain the role of genetic testing. The target audience for this guideline is internists and other primary care physicians. The target patient population is all persons who have a probability or susceptibility of developing hereditary hemochromatosis, including the relatives of individuals who already have the disease. This guideline is based on the systematic review of the evidence in the background paper (4) .
This guideline attempts to answer the following ques- 
RISK FOR COMPLICATIONS IN ASYMPTOMATIC PATIENTS
Asymptomatic individuals are patients in the latent phase of hereditary hemochromatosis who were incidentally identified. These persons have not yet shown any signs or symptoms related to the disease. Although clinical manifestations associated with hereditary hemochromatosis are influenced by age, sex, diet, and other unknown factors, it is imperative to know the path of disease progression for treatment of the disease. Clinical outcomes that can be associated with hereditary hemochromatosis are cirrhosis, hepatocellular carcinoma, type 2 diabetes, congestive heart failure, arthritis, hypogonadism in males, and even death. However, most persons with the mutated gene remain asymptomatic.
The literature that discusses the relationship between biochemical primary iron overload (elevated serum ferritin level and transferrin saturation) and the development of hereditary hemochromatosis (or resulting disease or death) does not consistently identify increasing transferrin saturation and serum ferritin level over time in hereditary hemochromatosis (12) (13) (14) . The studies that discuss the correlation between iron excess and cirrhosis indicate that a ferritin level less than 1000 g/L was not associated with cirrhosis on liver biopsy (15) (16) (17) . The National Health and Nutrition Examination Survey I (NHANES I) database (18) was used to analyze the association between transferrin saturation and allcause mortality. The results showed that all-cause mortality significantly increased for persons whose transferrin saturation was above 55% compared with persons who had lower transferrin saturation (hazard ratio, 1.60 [CI, 1.17 to 2.21]).
SENSITIVITY AND SPECIFICITY OF SERUM FERRITIN LEVEL AND TRANSFERRIN SATURATION
The variation in the case definition of hereditary hemochromatosis has an impact on calculating the sensitivity and specificity of a screening or diagnostic test. Some argue for comparing sensitivity and specificity of phenotyping with genotyping, while others use constant elevation of serum ferritin level and transferrin saturation as the case definition. Schmitt and colleagues (4) required that the gold standard be an independent demonstration of iron overload through iron deposition by liver biopsy or the amount of iron removed by phlebotomy. However, none (10) included 3027 outpatients and used transferrin saturation values greater than 50% in men and greater than 60% in women, and serum ferritin values of 250 g/L. The results showed that 235 of 3027 patients had an elevated serum ferritin level, 139 had elevated transferrin saturation, and 44 had both elevated serum ferritin level and elevated transferrin saturation. Hereditary hemochromatosis was diagnosed in 18 of 23 persons who were further evaluated. Baer and coworkers (9) showed that the diagnostic cutoff levels of 500 g/L for serum ferritin and 62% for transferrin saturation identified a subgroup of patients in which all individuals had hereditary hemochromatosis.
EFFICACY OF PHLEBOTOMY
The efficacy of phlebotomy for improving survival in patients without cirrhosis is based on the results of large uncontrolled case series and is accepted as the standard of care by a majority of hepatologists (19) . None of the studies (19, 20) meets a standard of evidence that clearly establishes the efficacy of therapeutic phlebotomy; however, the studies do support the existing model of disease and suggest a benefit. In the presence of current opinion and lack of significant side effects, the prospect of having randomized, controlled trials is low and perhaps unethical.
BENEFITS VERSUS RISKS OF SCREENING
No available data can definitively determine whether phlebotomy will delay or deter the development of cirrhosis over the lifetime of an asymptomatic patient. The value of detecting individuals who are homozygous for the mutation but do not develop iron overload is controversial. The psychological and social implications of identifying such individuals must be considered. Issues such as the impact on insurability and the anxiety of being labeled with a hereditary illness need to be considered when comparing the benefits and risks of screening (21) . The recently published HEIRS Study indicates that C282Y mutation does not explain high transferrin saturation and serum ferritin level in nonwhite persons. The number of newly identified genes participating in the regulation of iron homeostasis has increased at a remarkable pace. Therefore, consideration of false reassurance in the setting of a negative genetic test result is not unreasonable.
SUMMARY
The prevalence of hereditary hemochromatosis varies in the general population, depending on race, sex, age, and case definition of the disease. It is more commonly found in white men of northern European descent and older than 40 years of age. Some evidence shows that patients with a serum ferritin level greater than 1000 g/L are more likely to develop cirrhosis.
The case definition has an impact on measuring the sensitivity and specificity of the tests. However, serum ferritin level and transferrin saturation have been useful in identifying patients who are prone to or already have hereditary hemochromatosis. The available literature supports the benefits of adequate phlebotomy. However, this benefit has not been proven for all end-organ damage, only for cirrhosis. Finally, there is insufficient evidence to support genetic testing because HFE mutations may not progress to overt disease.
